This study has attempted to assess the performance of the most suitable statistical distribution function for modelling solar radiation over Yenagoa, Bayelsa State in Nigeria. The probability distribution functions are tested based on eleven years (2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014)(2015)(2016)(2017) solar radiation data obtained from National Aeronautics and Space Administration (NASA). Six probability distribution functions are tested to ascertain the most appropriate one based on four different statistical tools and fitting accuracy. The associated parameters of the most appropriate fitted probability distribution function are calculated and the trends in the characteristic of the solar radiation are deduced. The result shows that logistic distribution presents the most suitable probability distribution function for modelling solar radiation over the selected environment with RMSE of 1.500 KWh/m 2 /day, MAE of 1.260 KWh/m 2 /day, MAPE of 22.000% and R 2 of 0.880.When compared with the other five distribution functions, the same trend could be seen although with different values of RMSE, MAE, MAPE and R 2 . The estimated distribution location and scale parameters of the model vary with month and season. The overall result will be useful for predicting future solar radiation over the Abiodun and Anisiji; JENRR, 2(3): 1-8, 2019; Article no.JENRR.47820 2 studied environment. It will also be a good reference point for the design of large solar power projects in Yenagoa in particular and south southern Nigerian environments at large.
INTRODUCTION
Knowing the available solar radiation data of an area is one of the essential requirements for assessing the potential use and designing of a solar energy system such as solar thermal system, passive solar design and photovoltaic farms [1] . Solar radiation data are fundamental requirement for the design of solar energy conversion systems.
The planning and development of local solar energy system is dependent on the availability of solar radiation data which could be used to assess the probable long term solar systems performance and economic viability. Solar radiation data should be continuously and accurately measured over long period of time for the purposes of feasibility studies. Unfortunately, in some parts of the world, solar radiation measurement system are not readily available, this could be as a result of technical, financial and institutional limitations. The solar radiation received at the surface of the earth varies daily, seasonally and annually depending on the climatic condition of the region. Hence, many years of measurement observation is required in order to ensure accurate prediction and distribution. However, many developing and underdeveloped countries do not have the required facilities for measurement of continuous and accurate solar radiation in many locations. It is then imperative to develop empirical methods to estimate the solar radiation data of a potential location.
Various empirical models have been developed to model solar radiation from measured temperature, relative humidity, atmospheric pressure and relative duration of sunshine. Also, some statistical distribution functions have been used to model solar radiation values, for example, Ayodele, [2] had earlier investigated the most probable probability distribution model for modelling solar radiation in Ibadan, South western Nigeria. He concluded that logistic distribution function performs better than the other models considered. In the same vain, Authur et al., [3] had shown that different distribution functions could be used to model different monthly solar radiation, judging from the solar radiation measurement performed in Kumasi, Ghana. Chang, [4] worked on frequency distribution of solar radiation of Taiwan and he concluded that lognormal distribution function is better in modelling the solar radiation of Taiwan.
Abdulazeez et al., [5] in their investigation, used factorial design in modelling solar radiation data measured from eight chosen locations in Nigeria. Other empirical methods and distribution functions that had been used in solar radiation modelling include: beta distribution [6] , Angtrom model [7, 8] , Page model [9] and Garcia model [10] . Although, solar radiations have been estimated for some part of Nigeria using different empirical and distribution methods but non to the best knowledge of the authors has modelled solar radiation of South southern Nigeria using probability distribution functions. Having the knowledge of the probability distribution function and distribution parameters of solar radiation of a location, helps in generating solar radiation data that will exhibit the same characteristics as the actual values of the considered location in the future. This is essential because it is the starting point for analysing the design of any solar power project. Presented in this study is the most appropriate probability distribution function that models the solar radiation data over Yenagoa, South southern Nigeria.
The rest of the paper is structured as in the following manner: Section 2 presents information about the site and data acquisition method. In section 3, the methodology adopted was discussed while section 4 presents the results and discussion and conclusions are summarised in section 5.
SITE AND DATA ACQUISITION
The selected site for the study is Yenagoa, the capital city of Bayelsa State, South Southern Nigeria. Yenagoa lies between latitude 4.921162 and longitude 6.274773 the elevation is 8 metres with a population of about 2.6 million people. It is located within the coastal region and has two major seasons: The dry season which runs normally from November to March and the wet season, which normally runs from April to October. Most of the wet season months are associated with heavy rainfall, as a coastal region, sometimes rainfalls are also experienced in dry season months [11] .
The solar radiation values used for analysis in this study were measured over a period of eleven years (2007-2017) and were collected from National Aeronautics and Space Administration (NASA) insolation data for Yenagoa. The long observed period of data will allow a proper understanding of the variation of solar radiation from month to month and season to season.
METHODOLOGY ADOPTED
It is impractical to report all the probability distribution functions as they are too many to be accommodated in the paper. Nevertheless, several probability distribution functions have been tested, however, the best six that are appropriate in terms of curve fitting were repeated in this study. The statistical distribution functions adopted for this study are: normal, lognormal, gamma, logistic, extreme value and Weibull distributions.
Normal Distribution Function
The probability density and cumulative distribution functions of normal distribution are respectively expressed as:
The parameters of distribution µ and σ of normal distribution are calculated using [12] :
wherex is the measured solar radiation data, μ and are the parameters of the distribution.
Lognormal Distribution Function
The lognormal distribution is applicable only when the quantities of interest are all positive, since log(x) can only exists when x is positive. The probability density function (pdf) and cumulative distribution function of the lognormal distribution are given as [12] :
Where x is the measured data, is the lognormal shape parameter, µ is the lognormal scale parameter. The parameters (mean and variance) of the lognormal distribution can be evaluated using (7) and (8) [12]:
Gamma Distribution Function
The gamma distribution probability density function (pdf) and the cumulative distribution function are expressed as [12] :
wherex is the measured solar radiation values, a is the scale parameter and b is the shape parameter of the gamma distribution. The equations for mean and standard deviation of gamma distribution function are shown in (11) and (12) [12]:
Logistic Distribution Function
The probability density function of a logistic distribution with the location parameter µand scale parameter s is expressed as [12] :
The cumulative distribution function of the distribution is given by:
= ( ), −∞ < < ∞ (15)
Extreme Value Distribution Function
The probability density function and cumulative distribution function for extreme value distribution function is expressed as [13] :
Where , is the location parameter and the scale parameter and can be determined by (17) and (18) 
Weibull Distribution Function
For positive values of the scale parameter a, and shape parameter c, the density and cumulative functions are given as [13] :
The Weibull mean and variance equations are expressed as [14] :
Assessing the Performance of the Distribution Functions
To check how accurately a theoretical distribution function fits with the measured solar radiation data, four different statistical goodness of fits were selected as benchmark. ). The closer the values of RMSE, MAE and MAPE of a distribution to zero the better the curve fitting. In the same vain, R 2 is a statistical tool used to determine to what extent a prediction can be deduced from a model. The condition for evaluation is 0 ≤ R 2 ≤ 1, with 1 as the perfect fit. The closer the value of R 2 is to 1, the better the fit to the measured variables.
The expressions for the evaluation of the statistical tools are given as [1] :
× 100
Where, ( ) is the j th measured solar radiation, ( ) is the j th predicted solar radiation and n is the number of observed data. Table 1 .
RESULTS AND DISCUSSION
To determine the most appropriate probability distribution function that can accurately model the solar radiation of Yenagoa, several statistical distribution functions were tested. However, six out of the tested distributions that best curve fit the actual data are presented in this paper and the results are depicted in Fig. 2 with logistic distribution exhibiting a closer match with the measured data followed by normal distribution function. The metric evaluation of the distribution functions and order of good fit are also depicted in Table 2 .
It can be observed that logistic distribution function presents the best goodness of fit for modelling the solar radiation of Yenagoa with RMSE of 1. Fig. 3 depicts the monthly variation in logistic probability distribution of solar radiation over the period of eleven years considered. It can be inferred from the figure that there is wide variation of solar characteristic in Yenagoa, as such, many years of solar radiation observation are required to make a reasonable conclusion on implementation of any solar power project. Table 3 
CONCLUSIONS
In this study, investigation of the most appropriate statistical distribution function that models the solar radiation data of Yenagoa has been carried out and parameters of the distribution function determined. From the study, it was thus found that logistic probability distribution function is the most probable distribution function for modelling the solar radiation of the studied environment out of the six probability distributions considered based on some metric measures. The logistic distribution exhibited RMSE of 1.500 KWh/m The results of this study is useful as a first-hand information to the project engineers, individuals and researchers who are interested in solar power project in Yenagoa, Bayelsa State. Future research emanating from this study will also assist in the predicting of future solar radiation of the study locations using logistic distribution function.
